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Abstract 
 
 
    The use of composites plays an important role in the fields of Mechanical and Civil 
Engineering. The idea of using composite materials in the two afore mentioned fields are 
no longer new. In the Fibre Composite Design and Development (FCDD), University of 
Southern Queensland (USQ) many researches and experiments on new lightweight 
materials and structures have been carried out. In the previous research, FCDD found that 
the composites made from vinyl ester resins suffer considerable shrinkage during 
hardening.  
    
    These problem could cause the tensile test result may not accurate. With this issue in 
mind, research on the more appropriate methods been carried out to get more accurate 
result and also compensate the data collected. The material used was thirty three (33) 
percent by weight flyash particulate reinforced vinyl ester composite [VE/FLYASH 
(33%)]. Unfortunately, the tensile test result of the composites cured under ambient 
conditions is still in doubt. 
   
   With the above doubt in mind, this project must be further carried out to improve the 
tensile test result of the composites cured under ambient conditions.  
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Chapter 1 
Introduction 
 
1.1   Project Aim 
 
  The aim of this project was about to conduct tensile test on particulate reinforced 
composite under ambient temperature. It’s also to analysis the important of the 
mechanical properties the chosen material such as Young modulus, Poisson’s ratio and 
ultimate tensile strength, etc. The data collected may be useful in supporting the 
development of FCDD group in future.  
 
1.2   Brief Outline of Vinyl Ester in Industrial Application 
 
   Epoxy vinyl ester range of resin (vinyl ester resins) was developed in 1960s.Vinly Ester 
(VE), as they are usually called, are closely related chemically to both unsaturated 
polyesters and epoxies and in most respects represent a comprise between the two. They 
were developed in an attempt to combine the fast and simple cross linking of unsaturated 
polyesters with the mechanical and thermal properties of epoxies. 
 
   The most common thermosets used as composite matrices are unsaturated polyesters, 
epoxies and vinyl esters. Normally epoxies are used in high-performance applications 
while unsaturated polyesters are more commonly used and it dominates the market due to 
its low price and reasonably good material properties and with simple processing.  
However, basic unsaturated polyester formulations have shortcoming of poor temperature 
and ultra-violet tolerance. The use of additives is necessary to reduce these disadvantages 
to suit most applications. As mechanical properties and temperature tolerance of 
unsaturated polyesters no longer suffice, epoxies are often used due to their significant 
superiority in these respects.  Of course, these improved properties come at a higher price 
and epoxies are only applicable in the environment where the cost tolerance is high 
(Astrom, 1997).  
 
   Composites made from vinyl ester resins by Fiber Composite Design and Development 
(FCDD) group, University of Southern Queensland (USQ) suffer considerable shrinkage 
during hardening. This shrinkage is particularly serious if the fibre composite 
components are large.  It can be more than ten percent, which is much higher than 
claimed by some researchers and resins’ manufacturers [Clarke, 1996; Matthews, 1994].  
The main drawbacks of this shrinkage in a composite component are the stresses set up 
internally. These stresses are usually tensile in the core of the component and 
compressive on the surface [Osswald, 1995]. When these stresses act together with the 
applied loads during service they may cause premature failure of the composite 
components.  Currently, FCDD group solves the shrinkage problem by breaking a large 
composite component into smaller composite parts because smaller parts tend to have 
less shrinkage.  These smaller parts are then joined together to form the overall structure. 
This is shown in Figure 1.1.  The individual item of the component shown in Figure 1.1 is 
manufactured by casting liquid form, uncured 44 percent by volume or 33% by weight 
fly-ash particulate reinforced vinyl esters [VE/FLYASH (33%)] into moulds.  By doing 
this, the manufacturing lead-time and costs of a composite component is significantly 
increased. 
 
 
 
 
 
Figure 1.1: Small cast components joined by epoxies and cured in ambient conditions (H 
Ku, 2002). 
 
 
1.3   Summary of Chapters 
 
     Chapter 1 gives the brief outline of application of vinyl ester. The objectives and aim 
of doing this project also clearly stated. In chapter 2 described the composite material 
classification and vinyl ester composite and the it’s usage in detail. Meanwhile issue of 
health and chemical handling concerned in the usage of chemical materials also being 
discusses in chapter 3. Chapter 4 talked about the procedure how to make the mould and 
test specimen which included the standard and non-standard test methods. Chapter 5 
described the tensile test methods in detail, as it would tensile test machine were been 
chose for the analysis in this project. Chapter 6 discussed the experimental result and 
discussion of the data been collected. And also equation has been introduced. Chapter 7 
brought some conclusions and recommendations of further work on the research project. 
The project specification and the technical data sheet are all attached in the appendix 
section. 
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Chapter 2 
Composite Material 
 
2.1   Introduction 
 
  This chapter will discuss on the fundamentals of composite materials. For the sake of 
limiting the spoken of different types of composites, this chapter will narrow to provide 
reader the details in thermosets and particle-reinforced materials. This is done because 
the materials that are being used in this project will be particles in a polymer matrix. The 
background and description of Polymer Matrix Composites (PMCs) also the 
classification of the PMCs such as Thermoplastics, Elastomers and Thermosets will be 
introduced. In the class of thermosets, the reader will then be introduced to Epoxies, 
Polyesters and also Vinyl ester.  
 
2.2   Composite Materials 
 
  There is no universally accepted definition of composite materials. The term 
“composite” covers a very wide range of materials. At the macrostructure level, gross 
structural forms of constituents such as matrices, particles, and fibres are dealt with. A 
composite material is, therefore, a combination of two or more chemically different 
materials with a distinct interface between them (Mallick 1997). In microscopic level, 
composites maintain its separate identities of the constituent materials but due to the 
combination of the materials, it produces dissimilar characteristics and properties from 
those of the parent materials.  
Composite Materials 
 
    Figure 2.1: Classification of composite materials 
 
  A continuous phase, also called the matrix in this case, is formed by one of the 
constituents; the other is present in the form of fibers or particulates which act as 
reinforcement. This reinforcement forms a discontinuous phase that is uniformly 
dispersed throughout the matrix. In a composite, the matrix material can be in polymer, 
metal or ceramic. Classification of composite materials can then be made   depending   on  
the  matrix  used.  They are polymer matrix composites (PMCs), metal matrix composites 
(MMCs), and ceramic matrix composites (CMCs). As shown in Figure 2.1.  
 
  The most common used composites are found to be polymer matrix composites (PMCs). 
In each matrix category, various microstructure arrangements, compositions and 
chemical combinations are possible.  
 
  Today, organizations face a lot of external environment pressure such as technological 
and economic changes; they have to spend a large sum of money in research and 
development to improve the properties of composites used on their products. Due to this, 
composites are being used more and more. The reasons why composites are used are as 
follows (Nielsen and Landel 1994): 
Polymer Matrix 
Composites 
Metal Matrix 
Composites 
Ceramic Matrix 
Composites 
• increase in material stiffness and dimensional stability  
• increase in material toughness  
• increase in material heat distortion temperature 
• reduce in material permeability to gasses and liquids 
• modification in electrical properties 
• cost reduction 
 
 
2.3   Polymers 
 
  Polymers are derived from organic materials (Askeland 1998). The development of 
Polymer Matrix Composites (PMCs) for structural applications started in the 1950’s. 
Until today, PMCs are still widely used no matter in the field of civil or mechanical 
engineering. Reasons for their wide acceptance all around the globe are: 
• their processing is simple and does not involve high pressure or temperature 
• their equipment used for processing is relatively cheap as compared to other types 
of composite materials 
• their light in weight having a very high strength and modulus values 
Polymers 
Thermosets Elastomers Thermoplastics 
                                    
                                        Figure 2.2 Classification of Polymer based materials 
 
 
The ceramic hollow spheres (fly-ash) are a type of extender which stiffens the 
composite material produced and it also reduces the weight of the material. There are a 
few factors needed to be taken into account in order to produce a good quality material. 
 
  Nielsen and Landel (1994) claimed that such external factors can affect the mechanical 
behaviour of polymers, they are: 
• pressure 
• time 
• amplitude of stress and strain 
• type of deformation is it shear, tensile, etc. 
• strain rate and frequency 
• heat treatments or thermal history 
• temperature 
 
2.3.1   Thermoplastics  
 
  Thermoplastic composites are composite materials in which the matrix is thermoplastic 
i.e. it melts when heated and solidifies when cooled and the cycle can be repeated an 
infinite number of times provided that  the heat does not cause any damage (Harris 1979; 
Meng et al. 1995). In addition, post-processing or reprocessing of thermoplastic 
composites is possible. The processing of thermoplastic composites is in many ways 
similar to those of their counterparts and yet different in many others. Their processing 
methods are generally simple and include solution process, melt impregnation, film 
stacking, fibre co-mingling and dry powder impregnation for thermoplastic preforms, and 
roll forming, filament winding, pultrusion process, thermoforming procedures and so on 
for the manufacture of thermoplastic composite parts (Meng et al 1995; Okine 1997). In 
short, thermoplastics have the advantages of: 
• Able to be recycled 
• Capability to be formed into complex shape at low costs 
• Exhibit high impact resistance and high fracture resistance 
• Unlimited storage life 
• High productivity rates 
 
  Of course, one disadvantage that thermoplastics have on is that when in the application 
of heat and pressure, thermoplastics will tend to lose their structural integrity. In short, 
due to the low Tg temperature and other physical properties, thermoplastics would fail. 
Therefore, the use of thermoplastics on applications that will need to be performed under 
high temperatures and pressures are highly not recommended.    
 
2.3.2   Elastomers 
 
  Elastomers have rubber like properties and a molecular structure that is in between 
thermoset and thermoplastics polymers structure (Cooper 2000). The fancy word of 
“Elastomers” actually means nothing but just rubber. Unlike thermosetting polymer 
chains, elastomer has only some of the chains that are cross-linked. Results from the 
small in number of cross-links between the chains, permanent distortion will not occur 
when elastomers are elastically deformed to large strain value. ‘Elastomers, when 
elastically deformed to large strains under tension (or compression, tension, shear, etc) 
they display a non-linear elastic behaviour due to bond stretching along the polymer 
chains, as well as between the chains’ (Cooper 2000, p. 18). Examples of elastomers are 
rubber made items such as car tyres and rubber bands.  
 
2.3.3   Thermosets     
 
  Thermoset polymers, commonly referred to as resins, have strong cross-linked long 
chain molecules to each other in order to form a rigidly 3-D network structure. The 
chains in thermoset polymers are chemically cross-linked, their movements are constraint 
whether it be rotating or sliding. This causes thermoset to have their instinctive properties 
of strength, stiffness and hardness (Askeland 1996). Because of the strong cross-linked, 
the only way to initiate the cross-linking was by heat, pressure or mixing of various resin 
materials. It is fairly important to note here that during the polymerisation reaction or 
curing with the application of heat and pressure, thermoset cannot be postformed because 
the cross-linking is the result of chemical reactions. Like other types of polymers, 
thermosets have their own advantages that will suit industry applications. The advantages 
are (Cooper 2000):  
• More stable structure comparing to thermoplastics 
• Exhibit greater strength, stiffness and hardness  
• More thermally stable than thermoplastics 
 
Likewise, thermosets also have their own disadvantages as compared with other types of 
polymers. One of the disadvantages is that they tend to have lower impact resistance 
because they have higher stiffness and hardness. Due to that, they tend to behave in a 
manner quite similar to brittle material under tensile loading (Askeland 1996). Besides 
that, having low impact strengths, thermosets will tend to have low-strains-to-failure if 
we are to compare them with thermoplastics (Callister 1994).  
 
  In industry, there are three most commonly used thermoset polymers; they are epoxies, 
polyesters and vinyl esters. In this thesis, three types of thermoset polymers will be 
introduced to readers.  
2.3.3.1   Epoxy Resins 
 
  Epoxy resins belong to thermosetting polymers. This group of resins consist of a three-
member structure that consists of one atom of oxygen and two atoms carbon. They are 
formed from the process of deoxidization. When the resin is cured, it will form a rigid 
plastic with high strength, heat resistance, and excellent adhesion. Additionally, this type 
of resins has a very low shrinkage rates upon curing. The low shrinkage will bring about 
stronger bond between the resin and the filler. It is fairly important to note that epoxies 
must react with catalysts or hardeners in order to obtain the desired cross-links (Chanda 
& Roy 1998). The catalysts or hardeners used can be any of the following (Cooper 2000): 
• Acid anhydrides. 
• Amides. 
• Amines (Aliphatic and Aromatic). 
• Curing agents (hardeners). 
 
  Due to the availability of catalysts or hardeners that can be used in epoxies, the 
properties of the epoxies can be varied by changing the amount of cross-linking. This is 
done by using different curing agent, or combination with other resins. The downfalls of 
this matrix material are that it is fairly expensive when compared with other type of 
matrix materials (Brady and Clauser 1991). Ubachs (1999) claimed that the cost of epoxy 
resins is approximately double the price of vinyl esters and three times more costly than 
to polyester resins. Additionally, due to its high strength epoxy tends to act as a quite 
brittle material as it will not suitable for certain purposes. Epoxy resins also tend to have 
higher production time as compared with other types of thermosets.  
Table 2.1: Mechanical properties of Cured Epoxy Resins (Source: Swallowe 1999) 
Material Density 
(gcm-3) 
Tensile 
Modulus (GPA)
Tensile 
Strength 
(MPa) 
Izod Impact 
Strength 
(Jm-1) 
Hardness 
Rockwell 
Epoxies 1.0 - 3.2 1.4 - 4.1 35 - 140 15 - 50 ≈M106 
 
There are numerous applications where epoxy resins can be used. These include the use  
of  epoxy  resins  in  civil  engineering  structural  members,  aerospace applications, and 
high performance automotive applications such as formula one race cars. It is very clear 
that epoxy resins are used where performance is the primary concerned. The mechanical 
properties of cured epoxy resin are given in table 2.1. 
 
 
2.3.3.2   Polyester Resins 
 
‘Unsaturated polyester resins are produced by the condensation of a glycol with both an 
unsaturated dicarboxylic acid (maleic acid) and a saturated carboxylic acid (isophthalic 
acid)’ (Cooper 2000, p.22). A number of carbon double bonds (C = C) are contained in 
this unsaturated resin (Chanda and Roy 1998). In order to reduce the viscosity of this 
polymer mix, it is necessary to dissolve this mixture in an active diluent such as styrene 
(Ubachs 1999). 
 
Through the use of peroxide initiators, appropriate cross linking can be obtained. The 
curing time of such material (polyester) can varied from several minutes to several hours 
or even overnight depending on the compounds used to initiate the cross-linking reaction 
(Chanda and Roy 1998).  
 
  Advantages associated with the use of polyester are that it is a very versatile material. Its 
versatility can be exploited by manipulating the constituents that are being used (Cooper 
2000). Through the addition of chloredic anhydride, dibromoneopentyl glycol or chloro-
styrene fire retardant polyesters can be produced. Additionally, through the addition of 
neopentyl glycol, isophthalic acid or hydrogenated bisphenol A, chemical resistant 
properties of polyesters can be obtained. Besides that, the cost of polyester provides a 
great advantage to manufacturers. Disadvantages of such materials include the formation 
of emissions produced during the curing reaction (Chanda & Roy 1998). These emissions 
can be in the form of water (Ubachs 1999). Other than that, the amount used of 
constituents can be very sensitive to polyester resins and this will affect their properties 
(Harper 1992). Cured shrinkage can also be a problem. Applications may include making 
fiber-glass boats, automotive components, portable toilets or storage tanks (Budinski 
1992).    
 
 
 
 
2.3.3.3   Vinyl Ester Resins 
 
Vinyl ester resins belong to one of the thermosetting polymers. In 1960s, the so-called 
epoxy vinyl ester range of resins (vinyl ester resins) was developed due to the drawbacks 
of epoxy resins and basic unsaturated polyester formulations (Pritchard 1999; Ku et al. 
2002). The development of such material was in an attempt to combine fast and simple 
cross-linking of unsaturated polyesters and the thermal and mechanical properties of 
epoxies (Astrom 1997).  The unsaturated vinyl ester is formed between the reaction of 
epoxy resin and unsaturated carbonxylic acid (i.e. methacrylic acid or acrylic acid) (van 
Loon 1999). Vinyl esters, unlike polyesters, they can be used in a neat form (i.e. no 
diluent), or in a diluent (Ubachs 1999). 
 
Unsaturated resins such as polyesters and vinyl esters have ester groups in their 
structures. These esters are susceptible to hydrolysis; with the presence of acids or bases 
this hydrolysis can be accelerated. Comparing with polyesters, vinyl esters contain 
substantially less ester molecules. This is illustrated by the structure of bishophenol A 
vinyl ester in Figure 2.3 (Ku et al. 2002). Similarly like epoxies, vinyl esters have few 
possible crosslink sites per molecule (Ku et al. 2002). Vinyl esters of high molecular 
weight will therefore have relatively low crosslink density and thus lower modulus than if 
the starting point is a lower, molecular–weight polymer. As mentioned earlier, the 
methacrylic acid can be used to manufacture vinyl esters. This means that next to each 
ester linkage is a large methyl group. A lot of space has been occupied by this group and 
sterically hinders any molecule approaching the ester group by impeding their access 
(Astrom 1997; Ku et al. 2002). 
 
      Figure 2.3: The structure of bishophenol A vinyl ester (Source: Ku et al. 2002)   
 
 
These two aspects of the design of the vinyl ester molecules make them more 
chemically resistant than polyesters (Pritchard 1999). In this project, the vinyl ester resins 
used will be the most commonly used family in vinyl esters. This vinyl ester family is 
based on the reaction between methacrylic acid and diglycidylether of bisphenol A 
(DGEBPA) as shown in Figure 2.3 above (Astrom 1997). Safety precautions need to be 
taken because styrene molecules are emitted during curing (Cooper 2000). 
 
   Application of such materials can be large in number depending on the formulation 
produced. Components that are made from such material seem to be able withstand the 
abrasion or reactions of different chemicals (Chanda & Roy 1998). The main drawback 
of vinyl esters is that they tend to have cure shrinkage of 5 – 10% (van Loon 1999). This 
results in poor bonding strength.  
 
 
 
 
 
 
2.3.3.4   Properties of Different Classes in Thermosets 
 
Materials Epoxy  Polyester Vinyl Ester 
Tensile Strength (MPa) 55 – 130 34.5 – 103.5 73 – 81 
Tensile Modulus (Gpa) 2.75 – 4.10 2.1 – 3.45 3 – 3.5 
Poisson’s ratio (-) 0.2 – 0.33 - - 
Percentage elongation (%) - 1 – 5 3.5 – 5.5 
Cure Shrinkage (%) 1 – 5 5 – 12 5.4 – 10.3 
Exotherm Low High High 
Price High Low Medium 
Table 2.2 Different Properties of Classes in Thermosets 
(Source: Cooper 2000; cited in Ubachs 1999) 
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Chapter 3 
 
Chemicals Handling And Safety 
 
3.1   Cross-linking of Vinyl Esters 
 
  Vinyl ester is the polymerisation product between methacrylic acid and bisphenol A. 
Depending on the acid and bisphenol A used, this material can be high viscous liquid at 
room temperature or low melting point solid. ‘For further processing, the polymer is 
dissolved in a low molecular monomer, or reactive diluent, usually styrene, the result is a 
low viscosity liquid refer to as resin’ (Astrom 1997). Throughout this project, the resin 
used has 50% by weight of styrene. In order to initiate the cross-linking reaction or 
curing, a small amount of initiator will be added. The initiator used is organic peroxide, 
eg methylethy ketone peroxide (MEKP). The amount of the initiator used will be 
normally 1 to 2 percent by volume.  This initiator will act as a molecule that produces 
free radicals (Astrom 1997; Ku 2003). The free radical attacks one of the double bond of 
the ends of the polymer and bonds to one of the carbon atoms, thus producing a new free 
radical at the other carbon atoms, see the initiation step of Figure 3.2 which illustrates the 
whole cross-linking process. 
 
  The newly created free radical is then free to react with another double bond. ‘Due to 
the small monomer molecules (styrene molecules) have the ability to move more freely 
within the resin than the high molecular weight polymer molecules, this double bond is 
likely to belong to a styrene molecule’ (Ku et al. 2002) as illustrated in the bridging step 
in Figure 3.1. A new free radical on the styrene is then created from the bridging step. 
This new free radical on the styrene is then free to react with another double bond and so 
on (Ku 2003). 
 
Figure 3.1: Schematic of addition or free radical cross-linking of vinyl ester 
(Source: Ku et al. 2002) 
 
  As the molecular weight of the cross-linking polymer increases it gradually starts to 
impair the diffusion mobility of the growing molecules and the reaction rate slows down 
(Ku 2003). The reaction of finding new double bonds will stop when the movement of 
the free radicals is also impaired. Due to the result of the cross-linking reaction is 
gigantic, 3D molecule is transformed from liquid resin into a rigid solid when it is in 
macroscopic point of view.  
 
3.2   Shrinkage in VE/FLYASH (33%) 
 
   In the workshop of Fibre Composite Design and Development (FCDD), University of 
Southern Queensland (USQ), the vinyl ester used is Hetron 922 PAS in summer and 
Hetron 922 PAW in winter. In the research of Ku et al. (2002) had on shrinkage of 
VE/FLYASH (33%), Hetron 922 PAW was used because Hetron 922 PAS tends to have 
slow curing rate in the winter. The vinyl ester is dissolved in 50% by weight of styrene. It 
was based on the reaction between methacrylic acid and diglycidylether of bishphenol A.  
 
  The information provided by the supplier of vinyl ester resins claimed that cured vinyl 
ester will have the shrinkage between 5 to 6%. However, Lubin  (1982) and FCDD group 
engineers claimed that the shrinkage obtained from their large components varied from 
10 to 12%. Due to the different results of shrinkage obtained, Ku et al. (2002) carried out 
an experiment to estimate the real shrinkage of cured vinyl ester. In his experiments, the 
resin hardener ratio used was 98% resin and 2% hardener (MEKP) by volume. The 
reinforcer used was flyash (ceramic hollow spheres) particulates and was made 33% by 
weight in the cured viny ester composite. 
3.3   Risks of Styrene 
 
   Styrene is volatile and evaporates easily and becomes an inhalation hazard (Ku 2002). 
Styrene vapour causes mild, temporary irritant to eyes and respiratory tract at 
concentrations in the range of 20-100 parts per million (ppm). At the concentrations 
above 100-200 ppm, styrene is a definite irritant causing central nervous system (CNS) 
depression. According to Department of Consumer and Employment Protection, 
Government of Western Australia, at concentrations above 100 ppm, symptoms such as 
headache, dizziness and fatigue were reported. This government association also claimed 
that symptoms such as slower reaction times, reduced manual dexterity, and impaired co-
ordination and balance can be observed at the concentrations above 200 ppm Above 500 
ppm it is a severe irritant. In addition, styrene is also highly flammable, high vapour 
concentrations may cause explosions. 
   
 Since the human nose is extremely sensitive to the very characteristic styrene smell, the 
risk of acute styrene poisoning through inhalation is quite low; the odour threshold is 
approximately 0.1 ppm (Ku 2002). Long term exposure to styrene at concentrations as 
low as 10 ppm increases damage to genetic material in one type of blood cell 
(lymphocytes) and may possibly cause brain damage (Ku 2002). 
 
The MSDS (Material Safety Data Sheet) of Fibre Glast Development Corporation (n.d.) 
claimed the potential health effects of styrene in vinyl ester resins on human beings are:  
 
• Skin. Exposure can cause skin irritation.  Prolonged or repeated exposure may dry the 
skin. Symptoms include redness, burning, cracking, skin burns and skin damage.  
Although skin absorption is possible, under normal conditions of handling and use, 
harmful effects are not expected. 
• Breathing. Breathing of vapour or mist is possible. Inhalation of small amounts of 
styrene during normal handling is not likely to cause harmful effects; inhalation of 
large amounts may be harmful.  Symptoms usually occur at air concentrations higher 
than the recommended exposure limits. 
• Symptoms. Symptoms of exposure to this material through breathing, swallowing, 
and/or passage of the material through the skin may include: metallic taste, stomach 
or intestinal upset (nausea, vomiting, diarrhea), irritation (nose, throat, airways), 
central nervous system (CNS) depression (dizziness, drowsiness, weakness, fatigue, 
nausea, headache, unconsciousness) and other CNS effects, loss of coordination, 
confusion and liver damage. 
• Eye. Exposure can cause eye irritation. Symptoms include stinging, tearing, redness 
and swelling. 
• Swallowing. Swallowing small amount during normal handling is not likely to cause 
harmful effects; swallowing large amount may be harmful.  This material can enter 
the lungs during swallowing or vomiting.  This result in lung inflammation and other 
lung injury. 
 
3.3.1   Styrene Risks Safety Measure 
 
  In the previous section, various risks of styrene to human beings had been discussed. 
This section will then discusses on the safety measures that should be undertaken by 
individual that involves in the activity of using styrene. The MSDS of Fibre Glass 
Development Corporation suggested that the following first aid measures should be taken 
when styrene in the resin is exposed to: 
 
• Eyes.  If symptoms develop, immediately move individual away from exposure into 
fresh air.  Flush eyes gently with water for at least 15 minutes while holding eyelids 
apart; seek immediate medical attention. 
• Swallowing. Seek medical attention. If an individual is drowsy or un-conscious, do 
not give anything by mouth; place individual on the left side with a head down.  
Contact a physician, medical facility, or poison control centre for advice about how to 
induce vomiting. If possible, do not leave individual unattended. 
• Skin.  Remove contaminated clothing.  Flush exposed area with large amount of 
water.  If skin is damaged, seek immediate medical attention.  If skin is not damaged 
and symptoms persist, seek medical attention. Launder clothing before reuse. 
• Inhalation.  If symptoms develop, move individual away from exposure into fresh 
air. If symptoms persist, seek medical attention.  If breathing is difficult, administer 
oxygen. Keep the person warm and quiet; seek immediate medical attention. 
 
   Styrene is highly flammable and high vapour concentrations may cause explosions. 
Due to this, it is important to consider the fire fighting measures for the material. They 
are (Fibre Glass Development Corporation, MSDS Promoted vinyl ester resin):  
 
• Flash point: 26.6 – 32.2 oC 
• Explosive limit (for component): Lower = 1.1 %, Upper = 6.1%. 
• Auto-ignition temperature: No data. 
• Fire and explosion hazards: Vapours are heavier than air and may travel along the 
ground or may be moved by ventilation and ignited by lights, other flames, sparks, 
heaters, smoking, electric motors, static discharge, or other ignition source locations 
distant from material handling point. Never use welding or cutting torch on or near 
drum (even empty) because product (even just residue) can ignite explosively. 
• Extinguishing media: Regular foam, water fog, carbon dioxide and dry chemical. 
• Fire fighting instructions: Wear a self-contained breathing apparatus with a full face 
piece operated in the positive pressure demand mode with appropriated turn-out gear 
and chemical resistant personal protective equipment. Polymerisation will take place 
under fire conditions. If polymer-risation occurs in a closed container, there is 
possibility it will rupture violently. 
 
3.4   Risks of MEKP 
 
   In order to initiate the cross-linking of vinyl esters, a small amount of initiator has to be 
added. The initiator used is organic peroxides, which are toxic and may be severe irritants 
and sensitizers to skin and eyes and may be corrosive if the concentration is high. The 
organic peroxides are also highly flammable and may decompose with explosive violence 
if not handed correctly. MEKP is a colourless solution of methyl ethyl ketone peroxide in 
dimethyl phthalate, with 9% active oxygen (Ku 2003). If MEKP is to be exposed to high 
temperatures or contamination with foreign materials, explosive decomposition may 
occur. The maximum storage temperature is 38 ºC and the decomposition temperature is 
68 ºC (Sweet, J R Co.).  
 
  MEKP is a strong irritant. If swallowed, large quantifies of milk or water needs to be 
taken and followed by consulting a physician immediately (Ku 2003). MEKP in the eye 
may result in irreversible blindness. Flush the eyes immediately with water for at least 30 
minutes, and call a physician. While working with MEKP, protective equipment should 
always be worn, these include goggles, gloves, protective clothing, and a respirator.  
 
  Promoters and accelerators are needed to be mixed thoroughly before the addition of 
MEKP. Mixing such agents directly to MEKP is highly not recommended as this will 
result in violent decomposition and fire. In case of fire, spray with water or with carbon 
dioxide or foam from a safe distance.  Dry chemical or other extinguishers may be 
effective against a very small fire (Sweet, J R Co., n.d.). 
 
  MEKP dispenser is recommended for use in pouring of MEKP to vinyl ester resins. The 
dispenser is adjustable to accurately dispense 2.5 to 35 cc.  The bottle is squeezed until 
the upper vial is full then release pressure on the bottle leaving a precisely measured 
amount of catalyst in the vial.  The catalyst in the vial is then poured out to the vinyl ester 
resins without any dripping.  With this, the risk of contacting MEKP with skin is much 
reduced (Ku 2003). 
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Chapter 4 
 
Produce Specimen 
 
4.1   Introduction 
 
   This chapter will give an overview of the experimental design used in this research. The 
beginning of the chapter will discuss on the production of specimens. This section will 
mainly focus on discussing the specimens that were produced followed by the material 
used to produce the moulds as well as the dimensions of the moulds. This then discusses 
on the material used to cast the specimens as well as the calculation on the material 
required to cast specimens for VE/FLYASH (33%). Safety measures and steps taken to 
cast specimens in this research project will be discussed at the end part of this chapter.  
 
4.2   Specimen Production 
 
  Production of specimen is a must in experimental process. This research project has no 
exception. In this research project, the preliminary design is to cast six specimens at the 
same time, so that time taken to produce each specimen will be shortened. With the aid of 
engineering drawing by using AUTOCAD, the real specimen can be made within the 
shortest period. Figure 4.1 below shows that the dimensions shape of the specimen has 
been made.  
 
 
 
4.3   Making the Mould 
 
   The mould was decided that is made of polymer so that it can be flexible and chemical 
reaction during curing process and it also produce a smoother surface finish on the 
specimens. 
The size of the mould used in this research project originally had a length of 300mm, 
width of 210mm and about 15mm thick. It was then cut into require shape of the 
specimen by using CNC machine at the workshop. After several hours, the specimens 
cast can be removed easily after curing process. But care should be taken when removed 
the cast because the material is brittleness. 
 
Figure 4.2 show the mould has been cut which is from polymer material 
 
 
 
4.4 Chemical Formulation of Specimens 
 
   This section will discuss about the mixture and the mass calculations of the materials. 
The materials used were:  
• Vinyl Ester Resin (Hetron 922 PAW) 
• Methylethy Ketone Peroxide ( MEKP ) 
• Flyash (Ceramic Hollow Sphere). 
 
Table 4.1 shows the weight of materials required to make 500cm3 of VE/FLYASH (33%) 
(Ku 2003): 
Table 4.1: Weight of materials required to make 500cm3 of VE/FLYASH (33%) 
Materials Resin Accelerator Flyash  
Parameters     
Relative Density  1.1 1.0 0.7 
Percentage by weight (%) 67 --- 33 
Weight for 500cm3 of composite (grams) 301.8  5.6  154  
 
 
By knowing the required weight of each of the materials used to make 500cm3 of 
VE/FLYASH (33%), the weight of materials required to cast a particular volume of the 
composite can be easily calculated by ratio. In order to cast the six specimens 
appropriately, the required volume for each specimen cast was found round 8cm3. 
Although the small in volume on each of the specimen, it must be wait for 24 hours for 
the curing process to be done under ambient temperature. The total volume of 6 
specimens then was estimated to be 50cm3.  
 
Table 4.2 shows the weight of materials required to make a volume of 80cm3 of 
VE/FLYASH (33%).  
Table 4.2: Weight of materials required to make a volume of 80cm3 of VE/FLYASH (33%)  
Materials Resin Accelerator Flyash  
Parameters     
Relative Density  1.1 1.0 0.7 
Percentage by weight (%) 67 --- 33 
Weight for 350cm3 of composite (grams) 48.3 0.9 24.6 
 
 
4.5   Production of Specimens Safety Measures 
 
   As discussed in Chapter 3, there are various risks involved in the production of 
specimens. These include risks of styrene, risks of MEKP and vinyl ester resins 
interaction. Due to these high risks involved in the production of specimens, various 
safety measures had been considered very seriously whenever the casting of specimens 
was to be performed. 
 
   The production of specimens was conducted in room Z106.1 on the first floor of the 
Faculty of Engineering and Surveying, USQ. This room is setup by the faculty mainly 
used for material preparation. Before mixing the material, two different kinds of safety 
gloves were required to be worn for extra precautions. The 1st layer is mainly for 
protecting skin and it is thicker and less porous than the 2nd layer. The 2nd layer glove is 
just for extra protection. This was done mainly to prevent any chemical used have direct 
contact to the skins. 
 
   Goggle was also used to protect the eyes while pouring the MEKP to the styrene as 
well as mixing the composite material. In addition, mask was also used to avoid any 
inhalation of styrene vapors into the body. The exhaust fan also must be on during mixing 
the chemicals.  If not, the styrene will circulate the entire room.  
 
   Other standard safety measures such as throwing the waste of the experimental 
equipment or objects into a specified rubbish bin as well as washing hands with water 
thoroughly before leaving the room were also performed. 
 
 
 
4.6   Specimens Manufacture 
 
 
   As discussed in previous section of 4.3, the moulds used in this research project were 
made of polymer that has been cut into required shape. In the process of specimens’ 
manufacture, the steps are as followed: 
 
Step 1:  Clean all moulds to remove any particles on the inner surface of the moulds.      
The moulds were then polished with a fine wet facial tissues and left to dry in air. 
 
Step 2:  Spray some canola oil on the inner surface of the mould for ease of stripping 
when the composite is cured. 
 
Step 3:  Prepare the amount of different materials in different containers as tabulated in 
Table 4.2.  All weights were measured using an electronic weight scale. 
Step 4:  After the mould has been put into place, then the composite could be ready 
poured into them. 
 
Step 5:  Filler (Fly ash) was first weighted with the use of plastic box. 
 
Figure 4.3 : The electronic weight scale (right) measure flyash and Canola Oil (left)  
 
 
Step 6: The resin (Vinyl Esters) was then poured and weighted with the use of another 
plastic box that sat on an electronic scale. 
 
Step 7: The volume of hardener required was pressed out from the special chemical 
dispenser so that it was ready for use.  This was followed by the addition of hardener 
(MEKP) to the resin. 
 
   Figure 4.4: The MEKP dispenser determine volume needed 
 
Step 8: Once the hardener had been poured into the resin, these two materials were then 
mixed thoroughly with the use of plastic spoon under a powerful exhaust fan. 
 
Step 9:  When the resin and hardener were thoroughly combined, the weighted filler was 
then combined with the resin/hardener mixture. 
 
Step 10:  Stir these materials thoroughly to produce a uniform liquid material. 
 
Step 11:  These mixtures done then poured into the moulds. 
 
Step 12:  The mixtures in the moulds were left for one day (24 hours) to allow for 
complete curing.  
  
Step 13:  Upon completion of the curing process (after 24 hours), the composite was then 
extracted out with a slight push with sharp and small object at the bottom part of the 
cured composite.  
Step 14: The completed specimens were then ready to be used for tensile testing.  
 
Figure 4.5: Show the casts has been removed 
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Chapter 5 
 
Tensile Test 
 
5.1 Introduction 
 
The selection of appropriate type of tensile test machine is important in order to get 
correct and accurate result. The tensile test also must follow the relevant standard for the 
material being tested such as using the test speed of 1mm/min or using scaled test 
specimens. 
 
5.2 Test Rig Requirements 
 
The test rig configuration was difficult to design because the design had to be modified 
so that the MTS 810 Material Testing Systems could be used. The following 
requirements have to be fulfilled in order to design a suitable test rig: 
 
• The loading mechanism can provide adequate tensile force. 
• The grippers used will not deform during testing. 
• The alignment of the grippers is accurate. 
• The grippers are allowed for adequate control of the load line position. 
• The plastic deformation of the specimen apex caused by the grippers 
should be minimized. 
5.3 Test Rig Available 
 
There are several test rig purposely designed for bar test method. Some of the test rigs are 
incorporated with other advanced computer systems in order to produce the result more 
accurately and consistently. However, the test rig should be chosen according to its 
availability, functionality and suitability. 
 
 
5.4   MTS 810 Material Testing Systems 
 
In this project, the MTS 810 Material Testing System is used instead of the Instron 
Universal Testing Machine because MTS 810 machine is more suitable for tensile testing 
involving smaller load and can provides more accurate results. The main reason of 
choosing this equipment is because the data was recorded automatically to the computer 
system which user can manipulate the result collected. The MTS 810 material testing 
systems (figure 5.2) was used for the short bar tensile testing, especially for small size 
specimen. The tensile test of the short bar specimen was tested by an opening tensile load 
applied at the top end of the gripper to the specimen by extension rate of 1mm/min. 
 
 
 
Figure 5.1: MTS 810 Material Testing Systems. 
 
 
5.4.1   The Advantages of MTS 810 Material Testing Systems 
 
The MTS 810 machine is used because its advantages over other test rig, its advantages 
are as following: 
 
 Flexibility: It can be used for many types of testing such tensile testing, fatigue 
life studies, Asphalt or soil testing and etc by simply changing or adjusting its 
grips and fixtures. 
 Figure 5.2: The operating systems of MTS 810 Material Testing Systems 
(MTS 810 Material  
                    Testing Systems, 2003). 
 
 User-friendly: The testing systems are incorporated with the TestStart IIs control 
system, which is consisted of three major parts: the TestStar system software, the 
digital controller, and a remote station control panel. The control system is able to 
produce the result in the form of graph or table with the ready programmed 
software. Meanwhile some of the important statistical variable such as mean and 
standard deviations are included in result as well. 
 
 Accuracy: Its superior axial and lateral stiffness are achieved through an integral 
actuator design, stiff, but low mass crosshead, and specially force transducer. 
5.5   Tensile test method 
 
Figure 5.3: The tensile test specimen using MTS 810 machine 
                       
From figure 5.3 can be illustrated that the test specimen was hold by the top and bottom 
gripper from MTS810 machine. The test specimen was gripped firmly and apply tensile 
load to it by extend the top gripper at the rate of 1mm/min. The specimen will be initially 
yield and then elongate and lastly fail at certain load. 
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Chapter 6 
 
Experimental Result and Discussion 
 
6.1  Tensile Testing 
 
 
Figure 6.1: The result of tensile test specimen using MTS 810 machine 
 
During testing, an increasing prying force is applied at the top edge of the specimen until 
the load reaches a maximum. As a result, a crack forms at the centre region of the test 
specimen and proceeds down to the other side of the test specimen along the crack path. 
Under linear elastic fracture conditions, the crack that corresponds to the maximum 
prying force is constant. By knowing the location of the crack at the maximum load, we 
can easily calculate the fracture toughness. 
 
The peak load, failure load, break load, peak load elongation and break load elongation of 
specimen can be seen from the result generated from tensile testing as shown in figure 
6.2. From the graph, the specimen failed in three phases. In the first phase, the tensile 
testing started with the speed of 1mm/min there was an increasing load to initiate the 
crack. The phase two occurred when the specimen past it peak load and the specimen 
showed the elongation behaviour in this phase. In the third phase, the crack was 
elongated and fail or brittle at point F. 
 Figure 6.2: The change of load versus crack length of a sample 
 
6.2   Tensile Test Determinations and Discussion 
 
    Tensile test was determined within the critical area of the test specimens under tensile 
force at both ends. The stress and strain is expressed by Hooke’s law where stress/ strain 
equal to modulus of elasticity. 
   The following are the formulas and methods calculate the tensile stress, strain, Young’s 
Modulus and Poisson’s ratio. The 6 test specimen has taken as an evaluation, the 
formulas and methods to obtain the tensile test result are illustrated as following: 
 
 
 
Figure 6.3: Cross-section dimension of test specimen. 
 
          
                                   
The tensile stress and strain for each specimen can be easily determined by using data 
collected from the MTS810 tensile test machine. Table 6.1 below shows the data been 
collected for each specimen.   
 
 Specimens 
  
Elongation 
at Peak 
(mm) 
Peak 
load  
(N) 
Elongation 
at Break 
(mm) 
Break 
Load 
(N) 
Fracture 
Toughness 
(N.mm –3/2) 
Changed of 
width 
(mm) 
1 0.209 228 0.211 212 24.93 0.004 
2 0.212 250 0.215 240 27.34 0.0038 
3 0.208 226 0.21 217 24.71 0.0036 
4 0.215 238 0.214 225 26.04 0.004 
5 0.211 251 0.21 242 27.45 0.0039 
6 0.205 243 0.206 234 26.57 0.0038 
Mean 0.21 238.5 0.21 227 26.08 0.00385 
Standard 
Deviation 
0.01 25 0.009 30 2.74 0.0004 
Table 6.1 shows the 6 different test results of samples                                                     
 
 
For the first test specimen result are determined: 
 
 
 
 
   
 
 
 
 
 
The rest test specimen was kept repeating to get the result from data table 6.1above. All 
the tensile result each specimen been rearrange analysis and also for comparison. 
 
 
Specimens Tensile 
Stress (MPa) 
Tensile 
Strain 
Young’s Modulus 
(MPa) 
Lateral Strain Poisson’s 
ratio 
1 0.456 0.00211 216 0.0008 0.38 
2 0.5 0.00215 232 0.00076 0.35 
3 0.452 0.0021 215 0.00072 0.34 
4 0.476 0.00214 222 0.0008 0.37 
5 0.502 0.0021 239 0.00078 0.37 
6 0.486 0.00206 236 0.00076 0.36 
Table 6.2 shows all the calculated data from the 6 specimens. 
 
 
   From table 6.2, we can determine that the result was far from the standard which is 
tensile stress 73 – 81 MPa, Young’s Modulus of 3 – 3.5 GPa under cure shrinkage of 5 – 
10%. Thus the design of the test specimen was not met the requirement or the standard of 
the material. Poisson’s ratio is quiet high compare to epoxies. 
   Although the standard of the material was not met, the result is consistent with small 
amount of deviation for all 6 test specimens. Some effort needs to be done which will 
discuss on next chapter.  
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Chapter 7 
 
Conclusion and Further Work 
 
7.1 Conclusion 
 
   The tensile test specimen could be successfully used in the prediction of fracture 
toughness value of vinyl ester composite but it must meet the requirement that specimen 
must be well constructed and designed; otherwise, the crack, hollow and porosity may 
occur to the specimens.  It is due to manufacturing defect or mistakes in preparing the test 
specimens. The new method by preparing the test specimen with a non-metallic mould 
(polymer) is found to be acceptable and executable due to its flexibility and easily shaped 
compare to aluminum at initial stage to design the mould. Even though there is various 
ways to design the test specimen with the material available. I have chosen the easiest 
pattern to cast and measure using the MTS810 tensile test machine. However, the mould 
fabricating is time-consuming and it is not recyclable therefore the design and material 
used should be improved so that the mould should be recyclable to enhance its 
application to manufacturing industry in the future. 
  
As we know that the composite material show some features such brittle behavior, 
elongation of the fracture surface of vinyl ester composite. The sample with lower tensile 
strength is found to have more bubbles in the composite than those samples with higher 
tensile strength.   
 
   In order to get better and more accurate result from the tensile test, from the design 
point of view is recommended design of bigger casting and better surface finish. From 
the mould method by using better equipment for casting to initial detect any porosity in 
the mould and lastly for measurement instrument by using more finer and accurate result 
from laser measuring machine. 
 
7.2 Recommendations 
 
The result obtained can be improved through the following efforts: 
 
• Improve material properties of the mould and structure of specimen: By using a 
better test specimen pattern such as rod to obtain optimum result from the tensile 
test. Meanwhile the edges and surface finished of test specimen must be clean; 
moreover the load line surface must be flat in order to provide more accurate and 
consistent results. 
 
• May add other measurement instrument like extensometer to compare both the 
gauge length elongation of the test specimen with the computerized result from 
computer.  
 
Simulation: More information can be obtained if computer software is used to analyze the 
experimental results, such as the area of maximum fracture toughness etc. The software 
package called ANSYS is suggested because it is user-friendly and it can be incorporated 
with other software such as PRO-ENGINEER and so on. 
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